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FIG. 1 
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FIG. 2 
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METHOD OF MANUFACTURING IMAGE 
SENSOR 

[0001] The present application claims priority under 35 
U.S.C. 119 to Korean Patent Application No. 10-2006 
0087750, ?led on 19 Sep. 2006, Which is hereby incorpo 
rated by reference in its entirety. 

BACKGROUND 

[0002] An image sensor converts an optical image into an 
electrical signal. Image sensors may be classi?ed into 
complementary metal-oxide-silicon (CMOS) image sensors 
and charge coupled device (CCD) image sensors. The CCD 
image sensor may have better photosensitivity and noise 
characteristics compared With the CMOS image sensor, but 
may be dif?cult to fabricate in relatively large scale inte 
gration and has higher poWer consumption than CMOS. In 
contrast, the CMOS image sensor may have a simpler 
manufacturing process, leading to higher scale integration, 
and loWer poWer consumption, compared With CCD image 
sensors. 

[0003] Technology for manufacturing the CMOS image 
sensors has improved, CMOS characteristics have 
improved, and thus research into CMOS image sensors is 
ongoing. A pixel of the CMOS image sensor includes 
photodiodes for receiving light and CMOS components for 
controlling image signals received from the photodiodes. In 
the photodiodes, pairs of electrons and holes are generated 
according to the Wavelength and intensity of light of red, 
green and blue input through color ?lters and an output 
signal varies depending on the amount of generated elec 
trons, thereby sensing an image. 
[0004] A CMOS image sensor may include a pixel region, 
in Which photodiodes may be formed, and a peripheral 
circuit region for detecting signals generated by the pixel 
region. The peripheral circuit region may surround the pixel 
region. 
[0005] To increase photosensitivity in the CMOS image 
sensor, a depletion region in a photodiode may be made 
large. As shoWn in FIG. 1, an N-type dopant 1 may be 
ion-implanted at a high energy into a silicon epi layer 10 
including a photodiode to deeply form a loW-concentration 
N-type doped region 13. 
[0006] HoWever, the N-type dopant 1 is implanted at high 
energy and can suf?ciently pass through a gate pattern 12. A 
gate region cannot be perfectly protected When the N-type 
doped region 13 is deeply implanted to make the region 
larger. Thus, the N-type doped region 13 partially overlaps 
the gate pattern 12 to cause a channeling phenomenon. 
[0007] The N-type doped region 13 may be made into a 
source region of a transistor. HoWever, the overlap portion 
may cause large leakage currents When the CMOS image 
sensor operates, and a threshold voltage of a transistor 
located betWeen pixels may not be uniform. 

SUMMARY 

[0008] Embodiments relate to a method of manufacturing 
an image sensor, Which may prevent a channeling phenom 
enon Which occurs When an N-type dopant is ion-implanted 
at a high energy and uniformly maintaining a threshold 
voltage. Embodiments relate to a method of manufacturing 
an image sensor Which may include forming a gate pattern 
including a tunnel oxide ?lm, an oxide-nitride-oxide (ONO) 
?lm, a ?oating gate and a control gate over a semiconductor 
substrate. An oxide ?lm and a nitride ?lm may be formed 
over the semiconductor substrate including the gate pattern. 
A photoresist pattern may be formed Which covers the oxide 
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?lm and the nitride ?lm formed over the gate pattern. The 
nitride ?lm may be etched in a region not covered by the 
photoresist pattern. The oxide ?lm may be etched to have a 
predetermined thickness. A deep implant process may 
deeply implant an N-type dopant into the semiconductor 
substrate. Ashing and cleaning processes may remove the 
remaining photoresist pattern. 

DRAWINGS 

[0009] FIG. 1 shoWs implantation of an N-type dopant 
according to a related method of manufacturing an image 
sensor. 

[0010] Example FIG. 2 is a ?owchart shoWing a method of 
manufacturing an image sensor according to embodiments. 
[0011] Example FIGS. 3A to 3C are cross-sectional vieWs 
shoWing the method of manufacturing the image sensor 
according to embodiments. 

DESCRIPTION 

[0012] Example FIG. 2 is a ?owchart shoWing a method of 
manufacturing an image sensor according to embodiments. 
Example FIGS. 3A to 3C are cross-sectional vieWs shoWing 
the method of manufacturing the image sensor according to 
embodiments. A gate pattern 110 including a tunnel oxide 
?lm, an oxide-nitride-oxide (ONO) ?lm, a ?oating gate and 
a control gate may be formed over a semiconductor substrate 
100 (S201). As shoWn in example FIG. 3A, an oxide ?lm 
120 and a nitride ?lm 130 may be sequentially formed over 
the gate pattern 110 (S202). 
[0013] The silicon oxide ?lm 120 may be deposited With 
a thickness of 1 to 10 nm using a chemical vapor deposition 
(CVD) method. The silicon nitride ?lm 130 may be depos 
ited over the silicon oxide ?lm With a thickness of about 10 
to 300 nm using the CVD method such that the oxide ?lm 
120 and the nitride ?lm 130 may function as a hard mask in 
a subsequent deep implant process using an N-type dopant. 
The thickness of the nitride ?lm 130 may be set in a range 
of about 100 to 300 nm according to the condition of the 
subsequent deep implant process using the N-type dopant. 
[0014] A photoresist pattern 140 may be formed over the 
oxide ?lm 120 and the nitride ?lm 130 (S203). More 
particularly, photoresist may be coated over the semicon 
ductor substrate 100 including the oxide ?lm 120 and the 
nitride ?lm 130 With a thickness of about 0.85 to 1.5 mm. 
The photoresist over a region of the semiconductor substrate 
100 including the photodiode, that is, a region Which may be 
subjected to the deep implant process using the N-type 
dopant, is removed. The resulting photoresist pattern 140 
Which covers the gate pattern 110 is shoWn in example FIG. 
3A. 
[0015] As shoWn in example FIG. 3B, the nitride ?lm 130, 
located in a region exposed by the photoresist pattern 140, 
may be etched and removed using a Wet or dry etching 
method. The thickness of oxide ?lm 120 may be adjusted to 
about 20 to 100 A by etching (S204) to prevent damage due 
to etching. 
[0016] After the thickness of oxide ?lm 120 is adjusted, as 
shoWn in example FIG. 3C, a deep implant process for 
implanting an N-type dopant 150 into the region of the 
semiconductor substrate 100 including the photodiode may 
be performed (S205). The deep implant process may use an 
N-type dopant such as phosphorous or Arsenic (As) at an 
energy of about 70 to 200 KeV and a dose of approximately 
1.5><10l2 to 4><10l2 atoms/cm2. The oxide ?lm 120 having a 
thickness of about 1 to 10 nm and the nitride ?lm 140 having 
a thickness of about 10 to 300 nm may function as the hard 
mask in the deep implant process. Accordingly, as shoWn in 
example FIG. 3C, the N-type dopant 150 passes through the 
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photoresist pattern 140 and is injected toward the gate 
pattern 110. The N-type dopant 150 may be prevented from 
penetrating into a gate poly located below the gate pattern 
110 by the oxide ?lm 120 and the nitride ?lm 130. 
[0017] After the deep implant process for implanting the 
N-type dopant is performed, an ashing and cleaning pro 
cesses for removing the photoresist pattern 140 may be 
performed (S206). Alternatively, before the ashing and 
cleaning processes for removing the photoresist pattern 140 
are performed, the oxide ?lm 120 and the nitride ?lm 130 
left in the region Which is subjected to the deep implant 
process may be removed by a Wet etching process. 
[0018] According to embodiments, the oxide ?lm 120 and 
the nitride ?lm 130 formed over the gate pattern 110 may be 
used as a hard mask in the deep implant process for 
implanting the N-type dopant so as to prevent a channeling 
phenomenon Which occurs beloW the gate pattern 110. 
Leakage current may be minimized When the image sensor 
operates, and the threshold voltage of a transistor located 
betWeen pixel regions may be more uniform. 
[0019] As described above, according to embodiments, 
since an oxide ?lm and a nitride ?lm formed over a gate 
pattern may be used as a hard mask in a deep implant process 
so as to prevent gate poly channeling Which may occur 
beloW the gate pattern, leakage current may be minimiZed 
When an image sensor operates, and the threshold voltage of 
a transistor located betWeen pixel regions can be uniformly 
maintained. Accordingly, the capabilities of the image sen 
sor can be maximiZed. 

[0020] It Will be obvious and apparent to those skilled in 
the art that various modi?cations and variations can be made 
in the embodiments disclosed. Thus, it is intended that the 
disclosed embodiments cover the obvious and apparent 
modi?cations and variations, provided that they are Within 
the scope of the appended claims and their equivalents. 

What is claimed is: 
1. A method comprising: 
forming a gate pattern over a semiconductor substrate; 
forming an oxide ?lm over the gate pattern; 
forming a nitride ?lm over the oxide ?lm; 
forming a photoresist pattern over the oxide ?lm and the 

nitride ?lm; 
etching the nitride ?lm in a region exposed by the 

photoresist pattern; 
etching the oxide ?lm in a region exposed by the photo 

resist pattern to a predetermined thickness; 
performing a deep implant process for deeply implanting 

an N-type dopant into the semiconductor substrate. 
2. The method of claim 1, Wherein the forming of the 

oxide ?lm comprises: 
depositing a silicon oxide ?lm With a thickness of about 

1 to 10 nm using a chemical vapor deposition method. 
3. The method of claim 1, Wherein the forming of the 

photoresist pattern comprises coating photoresist over the 
semiconductor substrate With a thickness of about 0.85 to 
1.5 mm. 

4. The method of claim 1, Wherein the oxide ?lm is etched 
to a thickness of approximately 20 A to 100 A. 

5. The method of claim 1, Wherein said performing a deep 
implant process comprises deeply injecting said N-type 
dopant at an energy of about 70 to 200 KeV. 

6. The method of claim 1, Wherein the gate pattern 
comprises a tunnel oxide ?lm, an oxide-nitride-oxide ?lm, a 
?oating gate and a control gate. 

7. The method of claim 1, Wherein the performing of the 
deep implant process comprises deeply injecting the N-type 
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dopant into a region of the semiconductor substrate includ 
ing a photodiode at a dose of approximately l.5><l0l2 to 
4x10 atoms/cm2. 

8. The method of claim 1, comprising performing ashing 
and cleaning processes for removing the remaining photo 
resist pattern. 

9. The method of claim 1, Wherein the forming of the 
nitride ?lm comprises: 

depositing a silicon nitride ?lm over the silicon oxide ?lm 
With a thickness of about 10 to 300 nm using a chemical 

vapor deposition method. 
10. The method of claim 1, Wherein the region exposed by 

the photoresist pattern comprises a photodiode. 
11. An apparatus con?gured to: 

form a gate pattern over a semiconductor substrate; 

form an oxide ?lm over the gate pattern; 

form a nitride ?lm over the oxide ?lm; 

form a photoresist pattern over the oxide ?lm and the 

nitride ?lm; 
etch the nitride ?lm in a region exposed by the photoresist 

pattern; 
etch the oxide ?lm in a region exposed by the photoresist 

pattern to a predetermined thickness; 
perform a deep implant process for deeply implanting an 

N-type dopant into the semiconductor substrate. 
12. The apparatus of claim 11, Wherein the apparatus is 

con?gured to: 
deposit said silicon oxide ?lm With a thickness of about 1 

to 10 nm using a chemical vapor deposition method. 

13. The apparatus of claim 11, Wherein the apparatus is 
con?gured to coat said photoresist over the semiconductor 
substrate With a thickness of about 0.85 to 1.5 mm. 

14. The apparatus of claim 11, Wherein the apparatus is 
con?gured to etch said oxide ?lm to a thickness of approxi 
mately 20 A to 100 A. 

15. The apparatus of claim 11, Wherein the apparatus is 
con?gured to deeply inject said N-type dopant at an energy 
of about 70 to 200 KeV. 

16. The apparatus of claim 11, Wherein the gate pattern 
comprises a tunnel oxide ?lm, an oxide-nitride-oxide ?lm, a 
?oating gate and a control gate. 

17. The apparatus of claim 11, Wherein the apparatus is 
con?gured to deeply inject said N-type dopant at a dose of 
approximately l.5><l0l2 to 4><l0l2 atoms/cm2. 

18. The apparatus of claim 11, Wherein the apparatus is 
con?gured to perform ashing and cleaning processes for 
removing the remaining photoresist pattern. 

19. The apparatus of claim 11, Wherein the apparatus is 
con?gured to: 

deposit said silicon nitride ?lm over said silicon oxide 
?lm With a thickness of about 10 to 300 nm using a 
chemical vapor deposition method. 

20. The apparatus of claim 11, Wherein the region exposed 
by the photoresist pattern comprises a photodiode. 


